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ABSTRACT

Observable characteristics of volcanic jets, such as temperature, shape, and velocity, depend in a complex
way on the subsurface features of the volcanic systems from which the jets emanate. The variety of sizes and
shapes of jets associated with violent eruptions reflects differences primarily in the geometric shapes of the
near-surface parts of the volcanic systems and, secondly, differences in therrnodynamic properties and rheol-
ogy of the erupting fluids. In this paper, differences in shape between plinian eruption columns and lateral
blast flows on Earth and between umbrella-shaped and diffuse plumes on Jupiter's moon, lo, are discussed
in terms of a generalized model for therrnodynamic properties and geometry of a volcanic system. On Earth,
decompression of the volcanic fluid to ambient pressure of 1 bar typically occurs within only a few tens of
meters from the bottom of a crater. In contrast, ambient subsolar surface pressure on lo is about 10 ~12 bar
(perhaps as high as 10 ~7 bar in the vicinity of an erupting volcano), and the pressure in a jet on lo will decay
from the sonic conduit value to ambient within the crater only if the crater is more than 1 km deep. Therefore,
on either body, two classes of jets may result from different crater depths: (1) "pressure-balanced" jets, if
the jet pressure approximately equals ambient pressure as it emerges at the surface of the planet, or (2)
"overpressured" (underexpanded) jets, if the jet pressure greatly exceeds atmospheric. The structure of
pressure-balanced jets may vary from one planet to another, but on one planet the jets may tend to have
rather similar structures from one volcano to another because they are equilibrated to atmospheric pressure.
The structure of pressure-balanced jets is determined primarily by the initial thrust and, secondly, by external
factors such as entrainment of air, winds, and mixture buoyancy. These factors also influence overpressured
jets, but internal jet dynamics, including shock and expansion waves, also play a significant, sometimes
dominant, role. Overpressured jets may show a much greater diversity in structure than pressure-balanced
jets because the jet structure depends on the ratio of jet pressure to atmospheric pressure and typical volcanic
eruption conditions allow a wide range of ratios. Plinian eruption columns are typical terrestrial pressure-
balanced jets because they commonly emerge through craters and thus enter the atmosphere at atmospheric
pressure. Plume 3 (Prometheus) on lo may be pressure matched to the Ionian atmosphere. The lateral blast
of May 18, 1980 at Mount St. Helens was an overpressured jet, since it emerged directly at high pressure
from the face of the mountain; it was able to expand toward atmospheric pressure only as it traveled tens of
kilometers away from the mountain. On lo, plume 2 (Loki), which apparently emerges through a fissure,
may have been overpressured when photographed during Voyager 1.

143